In an earlier paper (Mehra et al. 1961a) , the chromosome behaviour during meiosis was reported in a few species and two undescribed taxa of the genus Setcreasea of the Commelinaceae. The taxon II was subsequently described as Setcreasea ovata (Coulter) Faruqi, Celarier and Mehra due to its morphological distinction and reproductive isolation from other species (Faruqi et al. 1962) . A survey of the morphological variation conducted on the herbarium and living materials indicated that taxon I is closely related to S. brevifolia (Torr.) Sch. et Sydow, but the question whether it should be included within S. brevifolia or treated as a separate entity could not be decided.
Therefore, taxon I and S. breviolfia were crossed with each other in order to study their reproductive isolation and understand their chromosomal homologies.
This paper deals with the cytotaxonomical analysis of the parents and their hybrids.
Materials and methods
The parental plants were grown in the green house, and they were the same that were studied earlier (Mehra et al. 1961a ). The hybrids were raised from the seeds.
Cytological studies were made from microsporocytes by using the aceto-carmine smear technique.
Fifty cells were analysed at every stage of meiosis in all of the plants used. Herbarium specimens with photographs have been prepared for the two parents and their hybrids, and these shall be deposited with the herbarium of Oklahoma State University, Stillwater, and herbarium of Missouri Botanical Gardens, St. Louis, Missouri. U. S. A.
Observations
Crossability between S. brevifolia and taxon I Forty pollinations were made to secure hybrids between S. brevifolia and taxon I (Table 1) . Three hybrids were obtained using S. brevifolia as the female parent, while in the reciprocal crosses only the swollen ovaries were formed. Taxonomy S. brevifolia is more or less 30cm tall with ovate leaves, whereas taxon I is 10-20cm tall with lanceolate or elliptic-lanceolate leaves. The hybrids possessing delicate branches and elliptic leaves were amazingly similar to another taxon III. Both parents and hybrids had pubescent ovaries and thick but narrow connectives.
Cytology
The chromosome number of S. brevifolia plants used was 2n=23. Taxon I, III and the hybrids were all tetraploids (2n=24).
All stages of meiosis commencing from metaphase I were studied in the parents and their hybrids. The meiotic behaviour of the parents was reported earlier (Mehra et al. 1961a ) and that of the hybrids is given below.
The types and frequencies of chromosome associations observed at metaphase I are given in Table 2 . Multivalents, bivalents and univalents were found in all hybrids (Fig. 2 ). Univalents were found in the cells of all hybrids but their frequencies were variable.
Although as many as seven univalents were observed in one cell of hybrid-2, the most frequent number in each of the hybrids was two or four. All hybrids had a few cells without univalents.
The average number of univalents ranged from 0.76 to 2.08. The number of bivalents ranged from 5 to 12 Table 2 . Chromosome associations at metaphase I in the Setcreasea brevifolia complex in all hybrids. Twelve bivalents were observed in 10-13% of the cells studied. The average number of bivalents per cell ranged from 8.92 to 9.32. The fre quency of trivalents was rather low in all hybrids, i.e., less than one per cell. Although as many as three trivalents were observed in a few cells of hybrid-1, in a cell the most frequent number was either one or two when present. The range of the average number of trivalents per cell was from 0.24 to 0.40. Quadrivalents were observed in all hybrids but in low frequencies, which ranged from 0.72-0.96 per cell. A few cells had two or three quadrivalents but the most frequent number was one. The common chromosome configuration, however, was ten bivalents and one quadrivalent.
Eight bivalents and two quadrivalents were also observed in a few cells.
Besides the presence of the above mentioned chromosomal configurations, one chromosome fragment was observed in 8% of the cells studied in the hybrid -2. At metaphase I, the chromosome behaviour of the parents was similar to that of the hybrids (Fig. 1) .
At anphase I, the parents and their hybrids had a few lagging chromosomes, i.e., dividing and non-dividing, chromatids and fragments, The average frequencies and K . L. Mehra Cytologia 32
(per cell) of lagging chromosomes were low (Table 3) , and there was little variation in their numbers and frequencies. Although chromosome bridges and fragments were present in the parents (Fig. 4) , these were absent in the hybrids studied.
Unequal distribution of chromosomes was observed in a few cells of the parents and their hybrids (Table 4, Figs. 3 and 5 ). In the hybrids I and III, unequal distribution of chromosomes was observed in 409 and 309 of the cells respectively. The chromosomes distributed to the two poles ranged from 7-17 and 9-15 in the parents and hybrids respectively. Table 3 . Chromosome behaviour at anaphase I and II in the Setcreasea brevifolia complex Table 4 . Chromosome distribution at anaphase I in the Setcreasea brevifolia complex Table 5 . Chromosome behaviour at dyad and tetrad spore stages in the Setcreasea brevifolia complex
At dyad spore stage, micronuclei (1-2) were observed in a few cells of the parents and hybrids (Table 5 , Fig. 6 ).
At anaphase II, lagging chromosomes (dividing, non-dividing types, and fragments) were observed in the parents and hybrids, but their frequencies were low (Table 3) .
At tetrad spore stage, micronuclei (1-4) were observed in a few cells of the parents and hybrids (Table 5) .
Variable chromosome numbers (9-14) were found during mitosis in the pollen grains of the parents and hybrids (Table 6) .
Pollen fertility, as indicated by the stainability in acetocarmine , was found to be 83.45 and 84.13 in the hybrids 1 and 3 respectively. The material of S. brevifolia used in this study was an aneuploid (2n=23), but the rest were tetraploids (2n=24). The nature of chromosome irregularities are similar in the parents and their hybrids (Tables 2-6). The low frequencies of the quadrivalents would indicate that these plants are segmental allopolyploids (Stebbins 1947) . The previous reports on the chromosome morphology of a few species of Setcreasea (Darlington 1929 , Richardson 1935 , Bose 1962 , as well as our own unpublished data) have indicated that changes in the chromosome structure are taking place within this genus, and even intraspecific variation in karyotype are also frequent.
The survival of such chromosome races with structural hybridity is enhanced owing to the vegetative mode of reproduction.
It seems, therefore, quite likely that the polyploidy in S. brevifolia is due to the crosses involving the members of the same species with structural hybridity and subsequent doubling of chromosomes.
In hybrids involving the polyploid parents, the chromosomal pairing at metaphase I may be autosyndetic or allosyndetic and, when both the parents and their hybrids show similar chromosomal anomalies, it is difficult to ascertain the chromosomal homologies of the parents.
At anaphase I, an unequal distribution of chromosomes to the two poles was observed in the materials studied. In the aneuploid S. brevifolia there were 38 cells with normal distribution of chromosomes, while in the tetraploid taxon I and the two hybrids this number was 32, 30 and 35 respectively when in each case a total of 50 cells were analysed. Although aneuploidy is reported in S. brevifolia Cytologia 32 2967 18 (Celarier 1955 , Mehra et al. 1961a , Bose 1962 , it seems that some kind of selective mechanism is in operation which eliminates the plants with aberrant chromosome numbers. A low seed setting and low germination rate may be an outcome of this mechanism in species crosses. It may be pointed out that in the Bothriochloa intermedia complex where both polyploidy and apomixis is in operation and in the experimental gardens aneuploids are not very infrequent (Chheda et al. 1961) , not a single aneuploid was found occuring in nature (Faruqi 1964) . The unequal distribution of chromosomes at anaphase I is further confirmed by cytological studies of pollen mitosis in which variable number of chromosomes were observed. The presence of chromosome bridges and fragments in the parents would indicate that their chromosomes are undergoing structural rearrangements.
Morphologically, the hybrids show narrow elliptic leaves and delicate branches resembling taxon III. Recently, Faruqi and Mehra (1966) recorded several such plants from herbarium specimens. These plants, therefore, are hybrids between S. brevifolia and taxon I. However, since out of the forty pollinations done in this study only three hybrids could be obtained, some kind of genetic barrier seems to be in operation between these two parents. Also, S. brevifolia seems to be a better female. Faruqi et al. (1962) and Faruqi and Mehra (1966) reported that various species of Setcreasea could be crossed with each other and their hybrids under green house conditions were able to survive and reproduce. But, such hybrids have not so far been reported in nature, indicating an efficient ecological barrier between the various species for which artificial hybrids have been reported (Mehra et al. 1961b (Mehra et al. , 1963a (Mehra et al. , 1963b (Mehra et al. , 1965 Faruqi et al. 1962, Faruqi and Mehra 1966) except S. ovata which has a strong genetic barrier (Faruqi et al. 1962) . On the other hand, there is now definite evidence that S. brevifolia and Setcreasea taxon I hybridize in nature , and although these parental species are rare with limited distribution, their established hybrids are frequent enough to indicate that the isolating mechanisms are not efficient between them. Furthermore, the morphological breaks , although present, are not so important in this group of plants simply because of the presence of self incompatability in association with the vegetative mode of reproduction , and thus these plants in the population structure are similar to facultative apomicts (Faruqi and Mehra 1966) . All of the taxa included in the present study are morphologically so close that they should be included within the same species , and any taxonomic distinction amongst them should at best be performed at the varietal level. observed besides bivalents at metaphase I. Also, lagging chromosomes and unequal distribution of chromosomes at anaphase I, micronuclei at dyad and tetrad spore stages and variable number of chromosomes during pollen mitosis were observed in the parents and their hybrids.
The relationships between the two parental species were discussed in the light of the present findings. The two species seem to be closely related with each other.
